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TRUCKWITH IMPROVED CONTROL 

BACKGROUND OF THE INVENTION 

The present invention relates to a truck, in particular to a 5 
bulk goods dump truck of the so-called large dump truck type 
for the transport of mine overburden, raw materials and/or 
natural resources, having a chassis with wheels of which a 
plurality of wheels each have a single wheel drive and having 
a control device for the control of the speed and/or of the 10 
torque of the single wheel drives. 

So-called large dump trucks such as are known from EP 1 
359 032 A2 or from WO 92/04196 are primarily used in 
mining operations for the transport of the mined materials and 
ores. These bulk goods dump trucks are made in a size of 15 
several hundred metric tons unladen weight and working load 
so that special traction drives are required to control the 
corresponding enormous forces and drive conditions. In the 
large dump truck known from WO92/04196, four wheels are 
combined in pairs at the rear axle and are mounted at two 20 
movably supported rocker arms at the vehicle frame. In this 
connection, a separate electric motor is associated with each 
of the wheels so that the wheels can also be driven individu 
ally at different speeds, in particular to prevent a grinding of 
the wheels during tight cornering. Optionally, a common 25 
single wheel drive can also be associated with a wheel pair so 
that, for example, two such single wheel drives are provided 
in the case of four wheels. 

Such modern, diesel-electrically driven mining trucks 
must be able to transmit high traction forces with minimal 30 
wheel slip. Drive controls known from the automotive indus 
try are not suitable here due to the special drive principle. 
When the large dump truck is operated in the ideal wheel slip 
range, this results in minimal tire wear and ideal driving 
stability since the transverse guidance properties of the tire 35 
are in the ideal range. It is required in this connection that a 
corresponding control is realized with a low sensor effort and 
works on different Surfaces, also Surfaces which change fast. 
A skid control which only limits the difference between 
driven wheels and non-driven wheels is therefore not suffi- 40 
cient or not possible. 

Furthermore, with Such large dump trucks, the braking 
process should take place Solely controlled via the single 
wheel drives without the help of mechanical brakes. A 
mechanical braking system should only be used as a hand 45 
brake or emergency brake. Since Such large dump trucks are, 
however, controlled via a torque set by the operator, braking 
to a standstill is not easily possible by the braking controlled 
by the single wheel drives since the single wheel drive brak 
ing torque is an active torque and not a reaction torque such as 50 
the friction torque of a mechanical brake. The driving torque 
of the single wheel drive must therefore beactively controlled 
to the load torque present when stationary. Older concepts 
make provision for this purpose for the torque limit of the 
brake torque to be limited to 0Nm at a speed of Zero. How- 55 
ever, only a standstill on a straight Surface is thus possible and 
influences of the mass acceleration are not taken into account 
so that a stop is only possible with the additional use of a 
mechanical brake and becomes very rough due to the non 
considered environmental conditions. 60 

SUMMARY OF THE INVENTION 

Starting from this, it is the underlying object of the present 
invention to provide an improved truck of the named type 65 
which avoids disadvantages of the prior art and further devel 
ops the latter in an advantageous manner. In particular 

2 
improved driving dynamics should be provided which effect 
an operation of the vehicle in the optimal wheel slip range 
without any great sensor System effort even on different Sur 
faces and Surfaces which change quickly and enables agentle 
starting and stopping of the vehicle in a standstill and prevents 
any unwanted rolling backward. 

This object is solved in accordance with the invention by a 
truck having the features herein. Preferred configurations of 
the invention are also the subject herein. 

In order also to be able to operate the vehicle in the optimal 
wheel slip range under difficult ground conditions, provision 
is therefore made for the control device to have a separate 
controller train for each single wheel drive and to divide a 
desired torque set by the operator to the controller trains, with 
each controller train having a differential controller which 
corrects the divided desired torque in dependence on a steer 
ing angle and provides a correspondingly corrected desired 
torque as well as having a wheel slip controller which corrects 
the divided desired torque or the desired torque value cor 
rected by the differential controller independence on a wheel 
slip and provides a corresponding single wheel drive desired 
torque value. A simple expansion to more than two drives is 
possible by the provision of separate controller trains. In this 
connection, the desired torque is first divided to the single 
drives by the operator, then corrected by the differential con 
trol and the wheel slip control and finally transmitted to a 
frequency inverter as a desired torque. 

Provision is made in this connection in a further develop 
ment of the invention for the wheel slip control to provide a 
speed control which determines a desired torque value with 
reference to the difference of an actual wheel speed and a 
desired wheel speed, with the named actual wheel speed in 
particular being the wheel speed of the driven wheel itself. An 
alignment with wheel speeds of non-driven wheels can be 
dispensed with. 
The speed control can advantageously be effected by a PI 

controller to which the actual and desired wheel speeds are 
Supplied as the input values. 
The desired wheel speed is advantageously carried along 

with the actual wheel speed, with the reaction speed of the 
control being able to be increased by a corresponding Sam 
pling procedure. The desired wheel speed is here in particular 
determined in dependence on a desired acceleration value 
which mirrors a desired acceleration of the respective wheel 
and/or of the vehicle. The desired wheel speed can in particu 
lar be determined by integration of the named desired accel 
eration value over time. 
To avoid a complicated sensor system, the acceleration 

adaptation stage can determine the actual vehicle acceleration 
from the difference of a plurality of actual wheel speeds 
stored at different times. In this connection, the difference in 
the stored wheel speeds is advantageously corrected indepen 
dence on previously carried out desired acceleration value 
adaptations to achieve a greater security with respect to the 
vehicle acceleration determined from the wheel set accelera 
tion. 
To achieve a damping of vibrations in the powertrain, the 

wheel slip control advantageously includes a gradient limita 
tion which limits the desired torque in dependence on the 
gradient of the time extent of the desired torque. A simple PI 
controller can hereby be used instead of an otherwise neces 
sary PIDT1 controller. A DT1 monitoring can be dispensed 
with. 
The wheel slip control advantageously works indepen 

dently of speed signals of non-driven wheels so that corre 
sponding additional speed sensors can be omitted. The wheel 
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slip control can in particular work only in dependence on 
speed signals of the driven wheels to be controlled. 

In addition, the wheel slip controller can advantageously 
work independently of information on the current vehicle 
weight and independently of information on the current road 
gradient. 

Provision is made with respect to the differential control in 
an advantageous further development of the invention for the 
desired torque correspondingly corrected hereby to be deter 
mined by means of a speed controller in dependence on a 
difference of the actual wheel speed and a desired wheel 
speed. The speed controller can advantageously be a simple P 
controller, with the Pfactor of the speed controller being able 
to be coupled proportionally to the desired torque value in 
accordance with a preferred embodiment of the invention. 
The desired wheel speed is advantageously determined in 

dependence on the current wheel speeds of a plurality of 
wheels, on the chassis geometry and on the steering angle, 
with the chassis geometry in particular being able to be preset 
by the track width of the chassis and the axial distance. 

To be able to determine the desired wheel speeds with 
reference to the current wheel speeds of a plurality of wheels, 
the corresponding desired speed sensor can transform the 
current wheel speeds in each case at a point between the 
corresponding wheels, can average the wheel speeds thus 
transformed and can determine the desired speeds of the 
respective wheels from this. 

In a further development of the invention, the differential 
control includes a ramp stage by means of which an accelera 
tion ramp for the change of the desired wheel speed is taken 
into account in the determination of this desired wheel speed. 

In accordance with a further aspect of the present inven 
tion, the driving dynamic control includes a stop control 
which brings the vehicle to a stop on the presence of a stop 
signal set by the driver, for example by pressing a brake pedal 
and/or maintains it at the stop, with the stop control being 
based on a speed control which provides a corresponding 
desired torque with which the respective single wheel drive is 
controlled independence on the difference of the actual wheel 
speed and the desired wheel speed which amounts to Zero in 
this case. 

The speed controller can in particular be a precontrolled PI 
controller in this connection. 

In order also to permit the speed control in a simple manner 
in the vicinity of the standstill without having to use any 
special complicated encoders unsuitable for use in large 
dump trucks, a special encoder evaluation is provided in a 
particularly advantageous further development of the inven 
tion. A simple multi-track encoder for the detection of the 
actual wheel speed or engine speed or transmission speed can 
be used, with the signal evaluation advantageously being 
carried out in the form of a flank-dependent simple evaluation 
of the signals of the plurality of encoder tracks performed in 
parallel. A new speed value can be computed just as fre 
quently as with a customary fourfold evaluation by Such 
flank-dependent simple evaluations which are made in paral 
lel, but without the restrictions having to be made in the 
sampling ratio of the track signals which accompany a four 
fold evaluation. An improved quality of the control can in 
particular be achieved at low speeds and thus few pulses per 
time unit. Simple magnetic encoders can hereby also be used 
in which speed-dependent differences of the sampling ratio 
occur which would result in a distorted signal with the usual 
fourfold sampling. 
The named improved encoder evaluation can also advan 

tageously be used for a speed control which prevents an 
unwanted rolling backward of the vehicle. For this purpose, in 
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4 
particular a change-over speed controller can be used which 
can be designed as a PI controller and controls the speed to 
Zero when an unwanted backward rolling occurs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained in more detail in the fol 
lowing with reference to preferred embodiments and to asso 
ciated drawings. There are shown in the drawings: 

FIG. 1: a schematic overview of the vehicle dynamic con 
trol for a large dump truck in accordance with a preferred 
embodiment of the present invention; 

FIG. 2: a schematic representation of the forces acting at 
the wheel contact surface of a wheel; 

FIG. 3: an overview of the slip states at a wheel; 
FIG. 4: a representation of the functional relationship 

between the longitudinal force transmitted by a wheel and of 
the peripheral slip with reference to a typical slip curve; 

FIG.5: a schematic representation of the relationship of the 
side force acting at the contact Surface of a wheel and of the 
associated drift angle; 

FIG. 6: a schematic representation for the illustration of the 
relationship between the drift angle and the magnitude of the 
side force; 

FIG. 7: a brim diagram for the illustration of the influence 
of the peripheral force on the side force transmission; 

FIG. 8: a schematic overview representation of the com 
bined differential and wheel slip control in accordance with a 
preferred embodiment of the invention; 

FIG.9: an overview of the controller structure of the wheel 
slip control in accordance with an advantageous embodiment 
of the invention; 

FIG.10: a representation of the extent of the desired torque 
Ms, and of the corrected desired torque value Ms in 
limiting operation; 

FIG. 11: a schematic representation of different traction 
force characteristics with a steeply falling branch, a normally 
falling branch and a shallow-falling branch; 

FIG. 12: a representation of the torque extent in depen 
dence on the slip; 

FIG. 13: a diagram showing the torque extent during the 
search operation of the control device in accordance with an 
advantageous embodiment of the invention and illustrating its 
mode of operation; 

FIG. 14: a schematic total representation of the electronic 
differential control in accordance with an advantageous 
embodiment of the invention without the wheel slip control; 

FIG. 15: a schematic representation of the steering geom 
etry of the large dump truck according to the Ackermann 
principle; 

FIG. 16: a representation of the functional relationship 
between the driving speed and the traction force in accor 
dance with an old concept of a stop function; 

FIG. 17: a schematic representation of the signal traces of 
an encoder with a sampling ratio of 50%: 

FIG. 18: a schematic representation of the signal traces of 
an encoder with a sampling ratio different from 50%, with the 
flank-dependent simple evaluation of the signal traces being 
shown: 

FIG. 19: a schematic total view of the stop control of the 
control device of the large dump truck in accordance with a 
preferred embodiment of the invention; 

FIG. 20: a schematic total representation of the anti-back 
ward rolling control of the control device of the large dump 
truck in accordance with an advantageous embodiment of the 
invention; 
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FIG. 21: a side view of the large dump truck in accordance 
with an advantageous embodiment of the invention; and 

FIG. 22: a schematic plan view of the chassis of the large 
dump truck of FIG. 21. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 21 schematically shows a large dump truck in accor 
dance with an advantageous embodiment of the present 
invention which has a chassis 2 with wheels 3 which are 
driven by single wheel drives 4. In this connection, as FIG.22 
shows, the rear wheels 3a can be suspended, combined in 
pairs, at a respective rocker arm 25 which is pivotally con 
nected to the vehicle frame 26 pivotable around respective 
lying transverse axes. An electric single wheel drive 4 is 
associated with each pair of wheels 3a, with no mechanical 
differential being provided between the wheel pairs of the 
rear wheel axle. Although a rear axle arrangement with two 
wheel pairs and thus two powertrains is shown in FIG. 22, it 
is understood that other configurations are also generally 
possible, for example, the four-wheel rear axle arrangement 
shown in FIG. 22 with single wheel drives associated with 
each wheel, that is a total of four single wheel drives, or rear 
axle arrangements having more than four wheels and a cor 
responding different number of single wheel drives. 
AS FIG. 21 shows, the chassis 2 supports in a manner 

known per sea dump body which can be loaded with over 
burden or other bulk material and which can be tilted around 
a lying transverse axis for the purpose of unloading. In the 
drawn embodiment, a driving cab, from which the large dump 
truck 1 is controlled, is arranged above the front axle below 
the upper front edge of the dump body. 

To achieve a corresponding handling of the mining truck, a 
plurality of driver assistance systems are provided, as shown 
in FIG. 1, which will be explained in detail in the following. 

Mining trucks or large dump trucks are driven by two or 
more single drives which are not mechanically coupled, e.g. 
by a differential transmission. This makes it necessary to 
implement a differential control which guides the wheel 
speeds of the individual drives with respect to one another in 
dependence on the steering angle. In addition, a yaw moment 
corresponding to the steering angle can be generated by the 
differential control which Supports cornering and thus Sub 
stantially improves the driving properties of the truck since a 
pushing over the front wheels is minimized. In addition, the 
spinning or blocking of single wheels is Suppressed by the 
differential control and thus additionally acts as a second 
wheel slip control. 

The transmission of the forces between the tires and the 
road takes place at the wheel contact surface (shuffle) which 
is formed under the wheel load in the contact region with the 
road. The resulting contact force is broken down into three 
components, as FIG. 2 shows, namely in the vertical direction 
(perpendicular to the road: vertical force FZ), in the longitu 
dinal direction peripheral direction: longitudinal force (lon 
gitudinal force, tangential force) FX) as well as in the trans 
verse direction (lateral direction: side force (lateral force) 
Fy). 
A unilateral binding is present in the vertical direction. The 

horizontal force components (parallel to the road; longitudi 
nally and transversely) are in contrast transmitted by friction 
in a Substantially force transmitting manner and are therefore 
generally limited. 

For the transmission of longitudinal forces in the shuffle, 
two actions are decisive, namely the force transmission, on 
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6 
the one hand, i.e. the adhesion in the shuffle surface and, on 
the other hand, the shape matching, i.e. the meshing between 
the tire and the road surface. 
The ratio between the longitudinal force FX and normal 

force FZ is defined as the force transmission coefficient in the 
peripheral direction: 

f 
The arising of longitudinal forces can be described by 

shear deformations of the tread in conjunction with the fric 
tion behavior between the tread and the road. The kinematics 
of the shear deformations is detected by the peripheral slip. 
On the smooth movement of a rigid wheel, the two move 

ment states of pure rolling (kinematic rolling, rolling without 
sliding) and combined rolling and sliding (sliding/rolling) are 
distinguished (wheel radius r, speed of the wheel center V. 
speed of the wheel contact point VP, angular speed (D). The 
(dimensionless) peripheral slip is defined as the movement 
state. In this connection, FIG.3 shows the different slip states. 
A distinction is made between the driving slip SA and the 
braking slip shB, in that the amount of VP is related to the 
respectively larger value of V or (Dr. 
Driving Slip at the Driven Wheel (v-cor): 

up (or - 
SA = - = 

Ci Ci 

Braking Slip at the Braked Wheel (vocor): 

The slip is also frequently given in percent; e.g. SA-0.9 
corresponds to SA=90%. 
The transmitted longitudinal force FX can be shown in 

dependence on the peripheral slip S (braking slip or driving 
slip), cf. FIG. 4. 
The typical extent of this slip curve is produced as follows: 
With a smalls, the adhesion region extends over almost the 

total shuffle length. The longitudinal force FX first rises in 
accordance with the Surface remaining almost triangular 
under TX(x) in an almost linear manner, that is FX=c, s. The 
proportionality constant c, is termed the peripheral stiffness 
of the tire. 

With a further increasing s, the sliding range increases 
overproportionally and the transmitted longitudinal force 
FX(s) exceeds a maximum FX:max. The maximum defines the 
maximum force transmission coefficient umax FX:maX/FZ. 
The maximum force transmission coefficient Limax does 

not coincide with the adhesion coefficient uH of the friction 
pairing rubber/road, but is much lower. This is due to the fact 
that the limit value of the adhesion friction is only reached in 
the transition region between the adhesion Zone and the slid 
ing Zone in the shuffle. The limit value FX:max=LH FZ, which 
appears plausible at first glance cannot be realized with a 
rolling wheel due to the described setup of the peripheral 
strains in the shuffle. 
With a large slips, the transmitted longitudinal force FX fall 

to the value FXG for pure sliding (spinning wheel; with a 
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locked wheel on braking). The force transmission coefficient 
then corresponds to the sliding friction coefficient LG=FxG/ 
FZ. 

If a freely rolling wheel (no longitudinal force, Fx=0) is 
additionally Subjected to a side force Fy, a lateral speed com 
ponent is adopted. The drift angle C. is adopted between the 
movement direction of the wheel center (speed v) and the 
intersection lines of the wheel plane and the road plane, as 
FIG. 5 shows, with the relationship: 

sin C-1/v 
applying. 
The value sin C. is the transverse slip or drift. For small drift 

angles (in normal operation C.<10t), the drift angle and the 
drift (transverse slip) can be said to be equal, with: 

sin C=C. 

applying. 
A rolling wheel is only able to transmit a lateral force Fy 

when it rolls obliquely to the direction of travel. 
As FIG. 6 shows, the larger the lateral force Fy, the larger 

the drift angle C. X adopted. 
Ifa wheel should follow a wanted desired course, it must be 

“set with a drift angle C. with respect to the trajectory tangent 
as the lateral forces increase, cf. FIG. 6. 

In general driving states, the tire simultaneously transmits 
a longitudinal force FX and a lateral force Fy. The resulting 
force of FX and Fy cannot exceed a specific limit value in 
similar way to the Coulomb friction cone. If the maximal 
force transmission strains umax coincide in the peripheral 
direction and lateral direction, this limit value is reproduced 
by Kamm's circle. 

The maximum transmissible lateral force Fy is in this con 
nection Smaller with a simultaneous occurrence of a longitu 
dinal force F than at Fx=0. 

If a longitudinal force FX additional acts on a tire with a 
given lateral force Fy, the drift angle C. and the longitudinal 
slip S increase. 
The influence of the longitudinal force on the lateral force 

transmission is usually shown in a lateral force/longitudinal 
force map or a so-called brim diagram, cf. FIG. 7. The lines of 
constant drift angles C. are of particular interest: If the longi 
tudinal force FX increases, the lateral force Fy must become 
smaller if the drift angle C. is to remain constant. The line 
C. const is tangent to Kamm's circle of maximum transmis 
sible horizontal force and ends on the smaller circle of maxi 
mum transferable slide friction force. 

The concept of the control provides, as FIG. 8 shows, a 
separate controller train for each drive; this enables a simple 
extension to more than two drives. The desired torque from 
the operator (Msoll) is first distributed to the individual drive, 
then corrected by the differential control and the wheel slip 
control and subsequently forwarded to the frequency inverter 
as the desired torque (Msoll). 
A typical traction force characteristic intersects the 

abscissa when the peripheral tire speed v is equal to the 
vehicle speed V. The speed V is a function of the vehicle 
acceleration a so that the traction force characteristic moves 
in dependence on this acceleration in the selected coordinate 
system. 
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v results from: 

where 
retire radius 
ii gear ratio 
The movement of the drive characteristic is thus dependent 

on the desired acceleration value a. If this is larger than the 
vehicle acceleration, the drive characteristic migrates faster 
than the traction force characteristic. The point of intersection 
of the two characteristics characterizing the quasi-stationary 
operating point is thus likewise transposed in the direction of 
larger difference speeds. In contract, its position remains 
unchanged for a*-a, whereas is migrates to the left for a*-a. 
The speed controller included in the wheel slip control, cf. 

FIG. 9, is given its guide parameter n by integration of the 
acceleration value a. 
By setting the desired acceleration value a (a.<a, a -a, 

a >a), the wheel slip control can thus be set to any desired 
operating point on the traction force characteristic. It is now 
the task of the search logic to place the operating point at the 
maximum of the current traction force characteristic. 
The PI controller, cf. FIG.9, calculates the desired torque 

value Msoll, which may not exceed the preset value Msoli, 
in dependence on the control deviation (n-n). 
The control also operations passively, i.e. in the drive case, 

the parameter Msoll is limited to a minimum of 0 Nm; that 
is, there is no active braking intervention for a spinning wheel 
and no driving torque is generated in the braking case. 
The control in particular works in 2-quadrant operation and 

therefore requires a direction signal for a reverse trip. 
The wheel slip control is reset when the direction signal has 

no direction or changes its sign, the amount of MSoll becomes 
Smaller than Mgrenz (constant), the mechanical brake is 
closed, a negative speed is applied or the wheel slip control 
has been switched off manually. In the case of a reset, 
Msoll-Msoll and the control is reinitialized. Mgrenz is to be 
selected Such that no skidding of the wheels can occur at 
Smaller torques and thus slip control is no longer necessary. 
This additionally also has the result that the control is reini 
tialized on a change from driving to braking or vice versa. 
The wheel slip control always attempts to operate the drive 

at the optimum operating point of the traction force charac 
teristic. In the control case, however, an operating point below 
the optimum results since the desired torque value Msoll is 
Smaller than the maximum transmissible torque because 
either torque is no longer set by the operator or because torque 
can no longer be produced due to the limited power of the 
drive motors. It must therefore be possible to limit the torque 
Msoll to Msoll for a wheel slip control suitable for opera 
tion. A simple limitation of the output value Msoll would, 
however, have the result that the search logic would no longer 
be able to recognize a slipping wheel. The integrator and the 
speed controller are therefore manipulated by the limitation 
logic such that Msoll does not exceed Msoll. The manipu 
lation of the integrator has the result that Msoll varies 
slightly around the value Msoll, as FIG. 10 shows in detail by 
way of example. This variation of the torque results in a 
permanent sampling procedure of the ground which enables 
the search logic to recognize any exceeding of the optimum 
operating point. So that the limiting logic can recognize any 
exceeding of Msoll above Msoll, the non-manipulated value 
of the speed controller is taken as a comparison. The influ 
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ences of the limitation logic on the individual parts of the 
control are described in the respective chapter. 
As already described, the drive characteristic is displaced 

by the acceleration value a.a. is formed from: 

a=a add a 

where a ad is the adapted acceleration and should approxi 
mately correspond to the real vehicle acceleration and d a is 
the acceleration variation value. 

To obtain a functioning control, the condition: 

la ad-al=|d a must be satisfied. 

The acceleration variation valued a is composed of: 

d a=(d aK--(a adP ad)+a Init)*a red 

where: 
d aK is a fixed acceleration stroke constant. The more pre 
cisely a ad coincides with a, the Smaller the d aK value can 
be selected, which results in a finer correction of slip values 
which are too large. In principle, the dak must, however, be 
selected to be so large that it can compensate possible errors 
of a ad. 
An increase of d a is effected by a adPad in order still to 

satisfy the condition a-ad-al=|d all at high accelerations. 
a Init is an additional acceleration and can adopt the values 

0 and a InitK. When starting from a stationary position, there 
is not yet any value for a ad and n is still at Zero. To be able 
to build up a torque from the stationary position quickly, 
a Init is set to a Initk to build up an in value larger than Zero 
as quickly as possible so that a control difference is formed 
sufficiently fast for the speed controller to be able to follow 
the Msoll value. In the same way, a Init is set to a Initk when 
the control is reset or when Msoll changes sign. a. Init is reset 
to 0 as soon asana ad value larger than 0 is present or the time 
limit T a Init. On is exceeded. a. Initk must be larger than 
any possible acceleration of the vehicle. 

a red is activated by the characteristic monitoring and can 
adopt the values 1 and a redK. 
The search logic has the two states a() and a1 and thus varies 

the d a value. In the a1 state, d a da; in the a0 state, 
d a -d a. 

It is thus possible for the search logic to transpose the drive 
characteristic into the optimum operating point. 
An additional reduction of d-a during an ao phase is nec 

essary with force transmission ratios which are characterized 
by two characteristics, namely traction force characteristics 
with a steeply falling branch, on the one hand, and with a 
branch falling in a shallow manner, on the other hand, as is 
shown in FIG. 12, with the traction force characteristic with a 
steeply falling branch being shown as a dashed line and the 
traction force characteristic with a branch falling in a shallow 
manner being shown is a chain dotted line. 
The additional information required for the distinguishing 

of the characteristics can be determined from the wheel accel 
eration. This can be calculated approximately from the engine 
speed n. 

2. t. rR din 
a R as ii it 

The acceleration a R is stored on the Switching from an a1 
phase to ana0 phase for the recognition of characteristics with 
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10 
a steeply falling branch. The difference is subsequently cal 
culated between the stored wheel acceleration and the current 
wheel acceleration. 

a R diff=a R-a R Gespeichert 

If a R diff exceeds the limit value a RGrenz during an ao 
phase, a red is set to a redK and d a is thus additionally 
reduced. This is necessary because the reduction of the accel 
eration a during the a0 phase has not resulted in a reduced 
wheel acceleration. 

The search logic searches for the maximum of the force 
transmission. Since there is no clear maximum with charac 

teristics with a shallow branch, an additional monitoring is 
necessary since otherwise the operating point can drift to 
large difference speeds without being noticed. If the control is 
in search operation and if the wheel acceleration a R is larger 
during an a1 phase than the adapted acceleration a ad times 
thea Fb factor, a time counteris started which forces a Switch 
to the a0 phase after the end of the time Ta1 and simulta 
neously sets a red to a redK even though no torque maxi 
mum has yet been discovered by the search logic. 
The wheel slip control can only move the operating point 

on the traction force characteristic in the desired direction if 

the accelerationa is Smaller during the a0 phase and is larger 
than a during the a1 phase. Since the d a value remains 
approximately constant, it is necessary to adapt this value to 
the vehicle accelerationa. This is the task of the acceleration 

adaptation stage which maps the unknown vehicle accelera 
tion. 

As long as the difference of V*-V remains approximately 
constant, the mean wheel acceleration is equal to the vehicle 
acceleration. With a wheel slip controlled drive, the vehicle 
acceleration canthus be determined from the wheel set accel 
eration. For this purpose, the acceleration adaptation stage in 
each case stores the engine speed when a Switch is made from 
an ao phase to an a1 phase. Since ana0 phase was previously 
applied, i.e. the wheel acceleration has been reduced, it can be 
assumed that the difference speed was minimal at this time. 
The mean wheel set acceleration can then be determined as 

the adapted vehicle acceleration a ad from the difference of 
two stored speeds and the associated measuring times t1 and 
t2. 

a ad at the time t2 then results as: 

2. it rR n(t2) - n(t1) 
a ad(i2) = ii t2 - t1 

To obtain greater security of the value a ad, a ad is formed 
from the mean value of the last two adaptations. 

a ad = 

This value is additionally limited to plausible values. There 
is thus a constant minimum which is defined by a ad and a 
variable maximum a ad Max Var. 
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a ad Max Var is determined from the linear mean value 
of the traction force engaging at the vehicle. There then 
results with the general formula for mass acceleration: 

F 1 1 t2 
a = -: a ad Max War = . ? F. Zug. dit 

i m mittel t2 - il , 

The half loaded vehicle mass is used for m mittel. This 
equation no longer applies in the case of empty trips, fully 
loaded trips, trips uphill and trips downhill, but the error in the 
calculation is compensated by the d a value; this limitation 
canthus be applied in all trip situations without making use of 
additional information Such as current vehicle weight and 
current road gradient. 

Since the a d value should only reproduce the tendency of 
the vehicle acceleration, the time between two adaptations 
should amount to several hundredths of a second. Since the 
change between a 0 and a1 phases can also take place faster, it 
is also necessary to be able to block the adaptation. In limi 
tation operation, in which there are no ao phases, it must 
moreover also be possible to trigger an adaptation. The fur 
ther conditions are listed in the following: 

In limitation operation, an adaptation is triggered after a 
constant interval T ZB: 
A blocking of the adaptation for the period t Adap takes 

place after every adaptation. 
Ifa Init is set to 0 from a InitK, an adaptation takes place. 
An adaptation is triggered after each reset. 
It is the job of the integrator to calculate a desired speed 

from the acceleration formed. 

The acceleration value is calculated as: 

where the value ab is controlled by the limitation logic and 
can adopt the values 0 or -2. 
An a1 phase is applied permanently during the limitation 

operation and d a is thus always +d a. The limitation logic 
has the possibility of maintaining n and n at the same value 
due to the ab value. Since only small difference speeds are 
present in limitation operation, this condition is met. The 
factor ab is set to -2 if n is larger than n and to 0 if n is 
smaller than n. An artificial ao phase is thus established in 
principle which results at an ad value of -2: 

d a +-2d a -d a 

in thus fluctuates permanently around n by the variation of 
the ab value, which results in the already described sampling 
procedure. 

During the search operation, the ab value remains at 0 and 
thus has no influence on the acceleration. The variation of the 
acceleration then takes place only by the change from a 0 and 
a1 phases in which the d a value then changes between -d a 
and +d a. 
To avoid too large a drifting of the n* value from n,n’ can 

never be larger than n+n Distance, where in Distance is a 
fixed constant. 

n is initialized to n during a reset. 
The PI controller calculates the value MSoll from the 

difference of n-n. In limitation operation, the Iportion of the 
controller is manipulated so that Msoll** results as Msoll. 
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12 
The output of the wheel slip control, Msoll is the limited 

value of MSO11**. 
It applies to Msoll-0: 

Msoll = Msoli"I'll 

It applies to Msoll-O: 

Msoli" = Msoli Iso 

To prevent an overflow of the value Msoll and to never 
theless give the search logic Sufficient play, a specific over 
flow is allowed for the value Msoll** which is defined by 
Mabove. It follows from this: 

It applies to Msoll-0: 

i-isoi-i-tabove Msoli" = Msoli" (E 

It applies to Msoll-O: 

* - :: O-liviabove Msoil" = Msoil" EA 

The value Msoll** is used internally in the control for the 
Max-min value store and the search logic. 
The torque extent of Msoll** is permanently monitored by 

a minimal value and a maximum value store. The stored 
values are monitored by the search logic and the stores can be 
reinitialized by the search logic and the limitation logic. 
The longitudinal force FX substantially forms the load 

torque and the load torque is therefore also dependent on the 
slip. Since the wheel slip control works in a speed controlled 
manner, the load torque is reflected in the desired torque value 
Msoll**. The desired torque value Msoll** therefore reduces 
on exceeding of the optimum operating point, as can be seen 
in FIG. 12 as phase 1. If the wheel acceleration is then 
reduced, the operating point again migrates back to Smaller 
slip values (phase 3), which in turn results in an increase in the 
load torque and thus in an increase of Msoll**. Phases 2 and 
4 represent compensation procedures after the change of the 
acceleration direction, cf. FIG. 12. 

These minima and maxima in the desired torque value 
Msoll** are recorded by the Min and Max value stores and 
are evaluated via the search logic. 
The manner of working will now be explained with refer 

ence to a simulated retard (electric braking) procedure, as is 
shown in detail by way of example in FIG. 13. 
At the time t—180.2, an a1 phase starts and the operating 

point is displaced toward larger slip values (phase 1). The 
optimum operating point is exceeded at t=181.3. The max 
value Store has discovered a maximum and pMax has 
exceeded the pMaxSch threshold. The maximum percentage 
value pMax is defined as follows: 

MSoli - MaxValue 
pMax = so 

The threshold to recognize a maximum was selected by 
percentage to take account of the high torque range of the 
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drive engines. At a constant difference torque, the maximum 
would be recognized too late at low desired torques and 
vibrations in the powertrain would be misinterpreted as a 
maximum at high desired torques. 

After the recognition of the maximum, an ao phase is 
initiated and the acceleration is thus reduced (phase 2), cf. 
FIG. 13. Compensation procedures of the transmission and 
the tires now take place since now the wheel speed reduces 
with respect to the vehicle speed. So that vibrations in the 
powertrain arising in this connection are not yet evaluated, a 
minimum of the torque is first searched for which is evaluated 
in the same way as the maximum. If a minimum is recog 
nized, it can be assumed that the slip moves in the direction of 
Smaller values and thus again in the direction of the operating 
point. The max value store is reinitialized with the recognition 
of the minimum and the control is then in phase 3. The a0 
phase is now maintained for so long until the operating point 
is again passed through which again detects a maximum. 
Subsequently, the current operating point is located to the left 
of the optimum operating point and an a1 phase can again be 
initiated, cf. FIG. 13. 

Since it can occur that no minimum is found, the duration 
of the a0 phases is also limited by two time limits. On the one 
hand, the maximum period of the a0 phase is limited by 
deltaTs and the maximum duration, in which 0 torque is set, 
is limited by deltaTs0. The shorter these times are, the more 
the control can be oriented toward blocking wheels in the 
braking case or toward spinning wheels in the drive case. This 
is necessary in practical use since the control could tend not to 
build up any torque in the event of a malfunction of the 
searching logic or with surfaces which are difficult to detect. 

There is equally a minimum time for the a1 phase 
a1MinTime to mask any vibrations in the powertrain shortly 
after the changeover. 
The increase speed of Msoll is limited by a gradient 

limitation. It damps any arising vibrations in the powertrain 
and minimizes the wear of the transmission. In addition, it 
makes a DT1 portion of the speed controller and an DT1 
monitoring Superfluous. 
The concept of the wheel slip control for the maximum 

utilization of force transmission is in particular characterized 
by the following points: 
A PIDT1 speed controller could be reduced to a PI con 

troller due to the introduction of a gradient limitation and a 
DT1 monitoring can be dispensed with. 
An integrator overflow is prevented by a taking along of n 

at n and it results in the so-called sampling procedure in 
limitation operation which substantially improves the reac 
tion friendliness of the control. 

For the recognition of a minimum or maximum, a percent 
age value is introduced instead of a fixed torque difference, 
said percentage value Substantially improving the changeover 
between the a0 and the a1 phase and taking account of the 
high torque range in mining trucks. 

The wheel slip control is designed Such that it can only 
intervene passively and is thus adapted to the safety demands 
of mining trucks. 
The mean value is used instead of a predictor for the cal 

culation of the adapted acceleration. 
The alignment of the adapted acceleration with the theo 

retically possible acceleration provides a Substantial 
improvement in the adapted value. 
The introduction of the time limit deltaTs0 substantially 

improves the reaction friendliness of the control and is mean 
ingful since it can be assumed without torque that the wheel 
again rolls freely and is thus again in the stable range of the 
slip characteristic. 
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The additional limitation of the value Msoll** substan 

tially improves the reaction friendliness of the control on a 
change between a 0 and a1 phases. 
The control is optimized to the extent that it functions 

reliably despite the very high drive dynamics of a mining 
truck. In addition, the control is realized in a time discrete 
manner with a fairly long cycle time of 20 ms. 
The control is able to cope with gradients +/-10%. 
Since mining trucks are driven by two or more single drives 

which are not coupled mechanically, e.g. by a differential 
transmission, a differential control is implemented in a fur 
ther development of the invention which guides the wheel 
speeds of the individual drives with respect to one another and 
in dependence on the steering angle. 

In FIG. 14, an overview is shown for a two-motor drive 
which can, however, also be extended to as many drives as 
required. Since no desired speed value is set by the operator, 
but rather a desired torque value, the guiding of the wheel 
speeds is only possible by an underlying speed control which 
is realized in this case via a precontrolled P controller. The 
driving experience of a torque-controlled drive is thus main 
tained and the underlying speed control can nevertheless 
guide the individual drives with respect to one another. 
The steering geometry of steerable wheeled vehicles such 

as large dump trucks can be designed according to the Ack 
ermannprinciple, as FIG. 15 shows. All tangents of all wheels 
accordingly intersect at a point, the so-called Icc (instanta 
neous center of curvature). The trajectory radii of all wheels 
can therefore be calculated when the steering angles of the 
steerable wheels are known. 
The radius R of the curve movement can be calculated as 

follows: 

(d = center distance, 1 = track width) 

(d=center distance, l-track width) 
The angular speed of the vehicle around the Icc (instanta 

neous center of curvature), cf. FIG. 15, is then calculated as: 

(O-- VErsatz VHR VHL VPO 
ice F E F ... - 

vat R (r-1) ( . ) 2 2 

The angular speed of the wheels is calculated as: 

The optimum wheel speeds can now be calculated using 
the curve radius of the vehicle center known by the vehicle 
geometry and the current steering angle: 

Since no desired value is present for co, in torque con 
trolled operation, coo must be calculated from the current 
wheel speeds. For this purpose, the individual wheel speeds 
are transformed at the point P0 and the mean value of () is 
formed. 
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From the now known value (), the optimum wheel speeds 
can then be calculated for the individual drives. 

As shown, the optimum wheel speeds for each wheel can 
be calculated from the vehicle geometry, the steering angle 
and the current wheel speeds. These calculated optimum 
wheel speeds can only be changed by a ramp. The gradient of 
the ramp is defined by: 

dy Rad 
F (Rd (it 

dwRad rad 
(it 

The wheel acceleration can thereby be additionally lim 
ited, which results in a better force transmission and thus 
minimizes the skidding or the blocking of the wheels. In 
addition, the skidding or the blocking of individual wheels is 
prevented since the speeds of all driven wheels are guided 
with respect to one another and the breaking out of individual 
wheel speeds is thus prevented. The differential control is 
thus a part of the total wheel slip control concept. The actual 
wheel slip control therefore only has to intervene when the 
wheels tend to skid and to block despite the minimized wheel 
acceleration and all the wheels start this simultaneously. 

To ensure an optimum intervention of the precontrolled P 
controller at all times, the Pfactor of the controller is propor 
tionally coupled to the desired torque value. The magnitude of 
the controller correction value thus increases with the mag 
nitude of the desired torque. 
The following relationship thus results for the resulting 

torque: 

KPM Mrs = Mou + (ndella (Kp |Moul)") 

To satisfy the safety requirements for mining trucks, this 
control only operates passively. The following relationship 
thus results: 

T Met a 0 – MR '' 
O 

-> Mou < 0 ? M Res 'T. 

The advantage furthermore results by the calculation pro 
cedure of co, that the total traction force is maintained as long 
as sufficient torque reserves are present. If the wheel speeds 
differ from the optimum wheel speeds, one wheel is slowed as 
a rule, while the other wheel is accelerated. The following 
relationship thus results: 

Tres HL-TRes. HR-2Toll 
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The differential control thereby does not cause any traction 

force loss. 
The control also always works correctly with very different 

surfaces between the left and right wheels due to the speed 
controlled concept of the differential control; unlike other 
concepts which build up a yaw momentum in dependence on 
and in the direction of the steering angle. If e.g. the rolling 
resistance of the wheel at the inside of the curve is much larger 
than that at the outside, this results in oversteer. In this case, 
the yaw momentum or the drives must act against the steering 
direction instead of with the steering direction as in the nor 
mal case. This is ensured by the speed controlled concept of 
differential control. It thus substantially contributes to the 
driving stability and thereby approximately has ESP proper 
ties. 
The arising yaw momentums additionally relieve the 

forces on the steering mechanism and the front tires, whereby 
the wear is reduced. 
The advantages of the combined differential and wheel slip 

control are the following: 
The wheel slip control only requires the current speed 

signal of the drive motors and no additional sensor System. 
The control works independently of the surface property. 
The control can react to fast changing Surface conditions. 
The control also recognizes slowly starting skid or block 

ing procedures. 
The control also recognizes skid or blocking procedures 

when all wheels start them together. 
The control does not require any information on the current 

vehicle weight or current gradient relationships. 
When driving, the control works like an ASR and when 

braking like an ABS system. 
The driving stability increased during trips straight ahead 

and in corners due to the control because the driving wheels 
are in the ideal slip range and the optimum lateral force is thus 
always maintained. 
The control reduces the tire wear of the front wheels and 

the wear of the steering mechanism since the cornering is 
Supported by the produced yaw momentum of the rear axle. 
The control reducesthetire wear of the rear wheels because 

the pushing via the rear wheels is minimized and increases the 
effectiveness of the total drive system because the travel 
resistances are reduced. 
The control works over the total speed range of the vehicle. 
Modern diesel-electrically driven mining trucks must be 

able to generate high traction forces and braking forces with 
electrical drives. The braking process should take place 
purely electrically without the help of mechanical brakes. The 
mechanical braking system of the truck should only be used 
as a hand brake or as an emergency brake. Since mining 
trucks are controlled via a torque set by the driver, the elec 
trical braking is not easily possible up to a stationary position 
since the electrical braking torque is an active torque and not 
a reaction torque, like the friction torque of a mechanical 
brake. The electrical torque has to be actively controlled to the 
existing load torque in the stationary position by this property. 
Older concepts as shown in FIG. 16 provided for the torque 
limit of the braking torque to be limited to 0 Nm at 0 rpm. 
However, only a standstill on a straight Surface is thus pos 
sible and influences of the mass accelerations are also not 
taken into account. A stop was therefore only possible with 
the additional use of a mechanical brake and is very rough due 
to the environmental conditions not being taken into account. 
A concept should be presented here in the following that 
Solves these problems with the help of a changing over speed 
controller. This was not possible previously because a speed 
control was hardly possible near standstill due to the low 
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resolution of the speed encoder. To nevertheless make a con 
trol possible around the Zero point, a new encoder evaluation 
is advantageously provided which increases the resolution. 
A so-called encoder is usually used for the detection of the 

speed of an electric motor. This generates a specific number of 
pulses (track A) per revolution, cf. FIG. 17. It is then possible 
to determine the speed from the time interval between two 
pulses. 

In order also to be able to detect the direction of rotation in 
addition to the speed, the encoder generates a second track 
with pulses offset by 90° (track B), cf. FIG. 17. 

If both tracks are offset precisely by 90° and have a duty 
cycle of 50%, a signal which generates four flanks for each 
period of track A can be generated with the help of an exclu 
sive or link of track A and track B. 
A new speed value can only be calculated at a flank of a 

signal since it is not known in intermediate space how far the 
path to the next flank is. Since more flanks are present in the 
above-mentioned signal obtained by an exclusive or link, the 
speed can be determined more frequently with this signal. 
This is termed a fourfold evaluation. 
The demand for a sampling ration of 50% can hardly be 

satisfied with speed sensors which have to be rugged with 
respect to mechanical strains. Speed-dependent deviations of 
the sampling ratio from 50% in particular occur with mag 
netic sensors used in the traction sector. This results in a 
distorted signal of the fourfold sampling. This signal can no 
longer be used for the calculation of the speed since the pulses 
are no longer uniformly distributed with an unchanged rotary 
speed. 

This cannot be subsequently compensated due to the speed 
dependence of the flank displacement. 

In both cases, the time interval from a rising flank of track 
A to the next rising flank of the same track can, however, be 
used for the calculation of the speed, namely in particular by 
a so-called simple scanning, cf. FIG. 18. This time interval 
remains the same with a constant speed independently of the 
sampling ratio. A small error, which can, however, normally 
be neglected, only arises while the sampling ratio changes. 

The intervals of the falling flanks of track A with respect to 
one another and the respective intervals of the falling or rising 
flank of track B with respect to one another can also be used 
for the speed calculation, cf. FIG. 18. 

In a further development of the invention, provision is 
made not to use the signal gained by the exclusive or link for 
the fourfold evaluation, but to carry out the four possible 
flank-dependent simple evaluations in parallel. A new speed 
value can thus be calculated just as frequently as with the 
fourfold evaluation without having to make any limitations in 
the sampling ratio of the track signals. An improved quality of 
the control is in particular the result at Small speeds and thus 
at few pulses per time unit. 
The stop control which is shown in an overview in FIG. 19 

should maintain the drive electrically at a speed of 0 rpm 
when M Soll (the operator actuates the retard pedal) is nega 
tive and the speed n is smaller than the limit in Stop. 

If the stop control is active, it is necessary to change from 
torque controlled operation to a speed controlled operation. 
These two operating modes should overlap smoothly, i.e. 
without jolts, on the change so that the change cannot be 
noticed when driving and thus a similar driving experience 
arises as on braking with a mechanical brake. Attempts to 
initialize the PI controller on the changeover to the last 
desired value M soll admittedly resulted in a seamless tran 
sition, but the PI controller was notable to reduce the torque 
fast enough with large values of M soll and the truck there 
fore traveled backward for a little until it came to a standstill. 
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An initialization with 0Nm resulted in a briefloss of traction 
force and thus in a jolt and not in a seamless transition. 

This problem was therefore solved by a precontrolled PI 
controller. 
As long as the stop conditions are not satisfied, the PI 

controller is initialized to 0 Nm and only the precontrol 
parameter M Soll is operative. As soon as the stop condition 
is satisfied, the initialization is removed and the PI controller 
starts to control. At the same time, M soll is limited to 0 Nm. 
This limitation can, however, only be changed via a ramp. 
This has the result that the torque M soll is removed in a 
linear manner. The controller output M Stop and the torque 
M soll thereby overlap shortly after the switch-on procedure. 
Ajolt-free changeover thus results. The reduction of M soll 
thus takes place independently of the PI controller and can be 
set via the ramp steepness. Ajolt-free stop procedure was thus 
achieved without a rolling backward of the truck. 
The operator moreover has the possibility of triggering the 

mechanical brake in that the retard pedal is depressed more 
than 90%. The mechanical brake is activated by the stop 
control when the stop control has controlled the speed to 
below 20 rpm. The closing of the mechanical brake thereby 
takes place almost free of jolts since hardly any braking force 
is required. This moreover reduces the wear of the mechanical 
brake. 
Modern diesel-electrically driven mining trucks have an 

unfavorable center of gravity, particularly in the fully loaded 
state, due to the large tire diameter and the design of the 
frame. Said center of gravity is too high and too far back. This 
can result in a rearward rollover of the truck on rolling back 
ward downhill and with a subsequent braking. A backward 
rolling of the truck must therefore be prevented by the truck 
control. Earlier concepts made provision for the mechanical 
brake to close on a backward rolling and only to open it again 
when the engine torque exceeds a torque threshold which is 
large enough to accelerate the truck forward at the largest 
permitted gradient. This, however, results in a rough start 
procedure and an excessive wear of the brakes with smaller 
gradients. In accordance with a further aspect of the present 
invention, this problem is solved with the help of a speed 
controller which changes over. Speed control near to stand 
still was hardly possible previously in particular due to the 
low resolution of the speed encoder. In order nevertheless to 
make a control around the Zero point possible, the previously 
described encoder evaluation can therefore also be used 
which increases the resolution. 
The anti-roll back control, which is shown in total in the 

overview in FIG. 20, should prevent the backward rolling of 
the truck electrically. 

There are two different kinds of backward rolling and 
therefore two different operative modes for the anti-roll back 
control: 

In a first case, the hand brake is not closed, no pedal is 
actuated by the operator and the truck starts to roll. 

In a second case, the operator wants forward acceleration, 
but has set too low a desired torque to accelerate the truck 
forward and the truck therefore starts to roll backward. 

In the first case, as described above, the truck starts to roll 
backward and no desired torque is applied. In this case, the PI 
controller is initialized and activated at 0Nm. The PI control 
ler now controls the speed to 0 rpm, then stores the required 
torque for this and activates the mechanical brake. The 
mechanical brake is now only opened when the torque of the 
drives is larger than the stored torque of the control. It is 
thereby achieved that only so much torque is built up against 
the brake which is required for the forward acceleration. This 
substantially reduces the brake wear since the brake is only 
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closed when almost 0 speed is present and only so much 
engine torque is built up against the brake as is required 
during starting off. 

In the second case, as described above, the operator did not 
depress the accelerator pedal far enough to accelerate the 
truck forward and the truck therefore starts to roll backward 
even though the operator actually wanted to drive forward. In 
this case, the PI controller is initialized and activated with the 
desired torque of the operator (M soll). The PI controller now 
controls to a small forward speed and thus moves the truck in 
the direction desired by the driver. The PI controller now 
remains active for so long until the torque set by the driver is 
larger than the torque calculated by the PI controller. It is thus 
ensured that the truck now travels forward controlled by the 
operator and that the use of the mechanical brake is not 
necessary. 

The invention claimed is: 
1. A truck having a chassis (2) with wheels (3), 
a plurality of said wheels (3) each having a single wheel 

drive (4), and 
a control device (5) for the control of the speed and/or of the 

torque of the single wheel drives (4), wherein 
the control device (5) has a separate control train (6, 7) for 

each single wheel drive (4) and divides a desired torque 
(Msoll) set by the operator to the control trains (6, 7), 

with each control train (6, 7) having a differential controller 
(8) for the correction of the divided desired torque 
(MSoll) in dependence on a steering angle (C) and pro 
vision of a correspondingly corrected desired torque 
(M), and 

a wheel slip controller (9) for the correction of the divided 
desired torque and/or corrected desired torque (M) in 
dependence on a wheel slip and provision of a single 
wheel drive desired (), and 

being free of mechanical differentials between the single 
wheel drives. 

2. A truck having a chassis (2) with wheels (3), a plurality 
of said wheels (3) each having a single wheel drive (4), and a 
control device (5) for the control of the speed and/or of the 
torque of the single wheel drives (4), wherein 

the control device (5) has a separate control train (6, 7) for 
each single wheel drive (4) and divides a desired torque 
(Msoll) set by the operator to the control trains (6, 7), 

with each control train (6, 7) having a differential controller 
(8) for the correction of the divided desired torque 
(MSoll) in dependence on a steering angle (C) and pro 
vision of a correspondingly corrected desired torque 
(M), and 

a wheel slip controller (9) for the correction of the divided 
desired torque and/or corrected desired torque (M) in 
dependence on a wheel slip and provision of a single 
wheel drive desired (, ), and 

the wheel slip controller (9) has a speed controller (10) for 
the determination of a desired torque independence on a 
difference of an actual wheel speed (n) and a desired 
wheel speed (n). 

3. The truck in accordance with claim 2, wherein the speed 
controller (10) is made as a PI controller. 

4. The truck in accordance with claim 2, wherein 
a desired wheel speed sensor (11) for the determination of 

the desired wheel speed (n) in dependence on a desired 
wheel value and/or a desired vehicle acceleration value 
is connected before the speed controller (10). 
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5. The truck in accordance with claim 4, wherein 
the desired wheel speed sensor (11) determines the desired 

wheel speed (n) by integration of the desired wheel 
value and/or the desired vehicle acceleration value (a) 
over time. 

6. The truck in accordance with claim 4, wherein 
a desired acceleration value sensor (12) for the determina 

tion of a desired acceleration value (a) is connected 
before the desired wheel speed sensor (11). 

7. The truck in accordance with claim 6, wherein 
the desired acceleration value sensor (12) has an accelera 

tion adaptation stage (13) which corrects an acceleration 
stroke value in dependence on an actual vehicle accel 
eration. 

8. The truck in accordance with claim 7, wherein 
the acceleration adaptation stage (13) determines the 

vehicle acceleration from a wheel set acceleration and/ 
or from the difference of a plurality of wheel speeds 
(n(t1), n(t2) ...) stored at different times. 

9. The truck in accordance with claim 8, wherein 
the adapted acceleration value (a ad) determined from the 

wheel set acceleration and/or from the difference of the 
wheel speeds stored at different times is corrected in 
dependence on previously carried out desired accelera 
tion value adaptations. 

10. The truck in accordance with claim 9, wherein 
the adapted acceleration value (a ad) is determined with 

reference to the following relationship 

a ad = 2 

where 

2. it. t2) - n(t1 a ad(i2) = R. n(2)-n(1) 
ii t2 - t1 

11. A truck having a chassis (2) with wheels (3), 
a plurality of said wheels (3) each having a single wheel 

drive (4), and 
a control device (5) for the control of the speed and/or of the 

torque of the single wheel drives (4), wherein 
the control device (5) has a separate control train (6, 7) for 

each single wheel drive (4) and divides a desired torque 
(Msoll) set by the operator to the control trains (6, 7), 

with each control train (6, 7) having a differential controller 
(8) for the correction of the divided desired torque 
(MSoll) in dependence on a steering angle (C) and pro 
vision of a correspondingly corrected desired torque 
(M), and 

a wheel slip controller (9) for the correction of the divided 
desired torque and/or corrected desired torque (M) in 
dependence on a wheel slip and provision of a single 
wheel drive desired (*), and 

the wheel slip controller (9) has a gradient limiter (14) for 
the limitation of the desired torque (Ms) in depen 
dence on the gradient of the time course of the desired 
torque. 

12. A truck having a chassis (2) with wheels (3), 
a plurality of said wheels (3) each having a single wheel 

drive (4), and 
a control device (5) for the control of the speed and/or of the 

torque of the single wheel drives (4), wherein 
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the control device (5) has a separate control train (6, 7) for 
each single wheel drive (4) and divides a desired torque 
(Msoll) set by the operator to the control trains (6, 7), 

with each control train (6, 7) having a differential controller 
(8) for the correction of the divided desired torque 
(MSoll) in dependence on a steering angle (C) and pro 
vision of a correspondingly corrected desired torque 
(M), and 

a wheel slip controller (9) for the correction of the divided 
desired torque and/or corrected desired torque (M) in 
dependence on a wheel slip and provision of a single 
wheel drive desired (, ), and 

the wheel slip controller (9) works independently of speed 
signals of non-driven wheels and/or works solely in 
dependence on speed signals of the driven wheels (3) to 
be controlled. 

13. A truck having a chassis (2) with wheels (3), 
a plurality of said wheels (3) each having a single wheel 

drive (4), and 
a control device (5) for the control of the speed and/or of the 

torque of the single wheel drives (4), wherein 
the control device (5) has a separate control train (6, 7) for 

each single wheel drive (4) and divides a desired torque 
(Msoll) set by the operator to the control trains (6, 7), 

with each control train (6, 7) having a differential controller 
(8) for the correction of the divided desired torque 
(MSoll) in dependence on a steering angle (C) and pro 
vision of a correspondingly corrected desired torque 
(M), and 

a wheel slip controller (9) for the correction of the divided 
desired torque and/or corrected desired torque (M) in 
dependence on a wheel slip and provision of a single 
wheel drive desired (), and 

the wheel slip controller (9) works independently of infor 
mation on the current vehicle weight and independently 
of information on the current road gradient. 

14. A truck having a chassis (2) with wheels (3), 
a plurality of said wheels (3) each having a single wheel 

drive (4), and 
a control device (5) for the control of the speed and/or of the 

torque of the single wheel drives (4), wherein 
the control device (5) has a separate control train (6, 7) for 

each single wheel drive (4) and divides a desired torque 
(Msoll) set by the operator to the control trains (6, 7), 

with each control train (6, 7) having a differential controller 
(8) for the correction of the divided desired torque 
(MSoll) in dependence on a steering angle (C) and pro 
vision of a correspondingly corrected desired torque 
(M), and 

a wheel slip controller (9) for the correction of the divided 
desired torque and/or corrected desired torque (M) in 
dependence on a wheel slip and provision of a single 
wheel drive desired (*) and, 

the differential controller (8) has a speed controller (15) for 
the determination of the corrected desired torque (M) 
in dependence on a difference of the actual wheel speed 
(n) and a desired wheel speed (n, n). 

15. The truck in accordance with claim 14, wherein the 
speed controller (15) is a P controller. 
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16. The truck in accordance with claim 15, wherein 
the Pfactor of the speed controller (15) is coupled propor 

tionally to the desired torque value and the corrected 
desired torque (M) is determined using the following 
relationship 

KPM Mrs = M.4+(nal (KIMul)8"). 

17. A truck having a chassis (2) with wheels (3), 
a plurality of said wheels (3) each having a single wheel 

drive (4), and 
a control device (5) for the control of the speed and/or of the 

torque of the single wheel drives (4), wherein 
the control device (5) has a separate control train (6, 7) for 

each single wheel drive (4) and divides a desired torque 
(Msoll) set by the operator to the control trains (6, 7), 

with each control train (6, 7) having a differential controller 
(8) for the correction of the divided desired torque 
(MSoll) in dependence on a steering angle (C) and pro 
vision of a correspondingly corrected desired torque 
(M), and 

a wheel slip controller (9) for the correction of the divided 
desired torque and/or corrected desired torque (M) in 
dependence on a wheel slip and provision of a single 
wheel drive desired (*), and 

a speed controller (15) having a desired speed sensor (16) 
for the determination of the desired wheel speed (n, 
n) in dependence on the current wheel speeds of a 
plurality of wheels, on the chassis geometry. 

18. The truck in accordance with claim 17, wherein 
the desired speed sensor (16) transforms the current wheel 

speeds in each case at a point (p0) between the corre 
sponding wheels, averages the transformed wheel 
speeds and determines the desired speeds of the respec 
tive wheels from the averaged, transformed wheel 
speeds. 

19. The truck in accordance with claim 17, wherein the 
speed sensor (16) determines the desired wheel speed (n, 
n) in dependence on chassis track width (l), center distance 
(d), and steering angle (C). 

20. A truck having a chassis (2) with wheels (3), 
a plurality of said wheels (3) each having a single wheel 

drive (4), and 
a control device (5) for the control of the speed and/or of the 

torque of the single wheel drives (4), wherein 
the control device (5) has a separate control train (6, 7) for 

each single wheel drive (4) and divides a desired torque 
(Msoll) set by the operator to the control trains (6, 7), 

with each control train (6, 7) having a differential controller 
(8) for the correction of the divided desired torque 
(MSoll) in dependence on a steering angle (C) and pro 
vision of a correspondingly corrected desired torque 
(M), 

a wheel slip controller (9) for the correction of the divided 
desired torque and/or corrected desired torque (M) in 
dependence on a wheel slip and provision of a single 
wheel drive desired (*), and 

a differential controller (8) having a ramp stage for the 
determination of the desired wheel speed with reference 
to an acceleration ramp for the change in the desired 
wheel speed. 


